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(54) Title of the Invention 

METHOD OF FORMING INSULATING FILM 
(57) [Abstract] 
[Construction] 

The method includes forming a wiring layer 3 made of 
an aluminum material and a protection insulating film 4 made 
of SiO x on a substrate, processing the protection insulating 
film 4 to form protection insulating-film patterns 4a, and 
etching the wiring layer 3 with the protection 
insulating-film patterns 4a served as a mask, thereby 
forming wiring patterns 3a. Thereafter, while applying a 
bias to the substrate, the method carries out the plasma CVD 
to form a planarized insulating film 7 on the whole surface 
of the substrate. After the plasma CVD curried out while 
applying the bias to the substrate, the method may form an 
insulating film under a film formation condition having the 
flow effect, and may form a double-layer structured 
planarized insulating film. 
[Effect] 

The method will form the planarized insulating film 
7 capable of sufficiently planarized the fine and 
multi-layered wiring patterns 3a, without damaging the 
wiring patterns 3a and other semiconductor elements 
thereunder. Accordingly, the method will enhance the 
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processing accuracy and reliability of the wring patterns 

formed thereon. 

[Claims] 

[Claim 1] A method of forming an insulating film, in forming 
5 a planarized insulating film on the whole surface of a 
substrate having given wiring patterns formed, by applying 
a plasma CVD while applying a bias to the substrate at least 
until part of the way, wherein the method comprises: 
forming in advance protection insulating-film 
10 patterns having patterns common to the given wiring patterns 
on the wiring patterns. 

[Claim 2] A method of forming an insulating film as claimed 
in Claim 1, wherein the formation of the wiring patterns 
comprises : 

15 forming given protection insulating-film patterns on 

a wiring layer on the substrate, and then 

etching by using the protection insulating-film 
patterns as a mask. 

[Claim 3] A method of forming an insulating film as claimed 
20 in Claim 1, wherein the wiring patterns include a film made 
of an aluminum material . 

[Claim 4] A method of forming an insulating film as claimed 
in Claim 1, wherein the protection insulating-film patterns 
are made of at least any one of a silicon oxide based 
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material, silicon nitride based material, and silicon 
nitride oxide based material. 
[Detailed Description of the Invention] 
[0001] 

5 [Industrial Applicable Field] The present invention 
relates to a method of forming an insulating film, 
specifically to the method of forming an insulating film 
that flattens a substrate having fine and multi-layered 
wiring patterns, while restraining the damage to the wiring 

10 patterns . 
[0002] 

[Conventional Art] Accompanied with the recent trend for 
the fine patterning and high integration of semiconductor 
devices, the wiring patterns have been micro-structured and 

15 multi-layered year by year. As the step of an inter-layer 
insulating film becomes larger and sharper with the trend 
for the fine patterning and high integration of 
semiconductor devices, the processing accuracy and 
reliability of the wiring patterns formed thereon becomes 

20 deteriorated, which causes the semiconductor device to - 
lower the reliability of itself. Today, it is considered 
as difficult to improve the step coverage of a wiring layer 
made of an aluminum material, mainly formed by the 
spattering method; and therefore, it is conceived as 



necessary to enhance the flatness of the inter-layer 
insulating film. 

[0003] As a conventional technique for planarizing the 
inter-layer insulating film, the followings are generally 

5 known: the method of applying SOG (Spin On Glass) , the method 
of planarizing the insulating film with a resist material, 
and then etching them back at one time, and the method of 
passing the insulating film through the ref low melting, etc. 
[0004] However, these methods invite the following 

10 problems . 

To apply any of these methods to form an inter-layer 
insulating film effects the deficiency of flatness on the 
wiring patterns having wide wiring spacings, and further, 
effects the deterioration of processing accuracy and 

15 reliability of the wiring patterns formed thereon. In 
reverse, on the wiring patterns having narrow wiring 
spacings, these methods are found impossible of embedding 
the spacings between the wiring patterns sufficiently with 
the inter-layer insulating film, so that they can create 

20 * voids' . 

[0005] Accordingly, as a technique for forming a planarized 
inter-layer insulating film on the wiring patterns having 
a high aspect ratio without creating the Voids' , the 
following methods have attracted considerable attention: 
25 the method that applies the CVD (Chemical Vapor Deposition) 



under a normal pressure using the gas of ozone and organic 
silane system compound, the method that applies the plasma 
CVD using the gas of organic silane system compound with 
hydrogen oxide added, and other film forming methods having 

5 the flow effect. 

[0006] A technique is also noticed which applies the bias 
ECR plasma CVD method to the formation of an inter-layer 
insulating film. This technique, utilizing the ECR 
(Electron Cyclotron Resonance) , generates ECR plasma having 

10 a high ion-current density under a low gas pressure to form 
a film that exceeds in the step coverage. It also intends 
to produce the planarizing effect by the ion spattering 
effect, while controlling a bias to the substrate 
independently from generating the plasma. The SiO x film 

15 formed by this bias ECR plasma CVD is known to have a minute 
film quality with a low content of Si-OH group. 
[0007] 

[Problems to Be Solved by the Invention] When patterning 
a wiring layer made of an aluminum material by means of the 

20 recent lithography using a monochromatic light source, it 
is an indispensable condition to provide an antiref lection 
coating on the wiring layer. As shown in Fig . 6, for example> 
when patterning a wiring layer 103 formed on an inter-layer 
insulating film 102 on a semiconductor substrate 101, it is 

25 essential to form an antiref lection coating 104 and then 



form a resist film 106 having a desired pattern. However, 
as shown in Fig. 7, etching the wiring layer 103 in practice 
to form wiring patterns 103a will give a result that the 

i 

edges of the wiring patterns recede from the antiref lection 
coating 104. This is because, when using a TiN film as the 
antiref lection coating 104, the lateral etching rate of the 
wiring layer 103 made of an aluminum material is faster than 
that of the TiN film. 

[0008] And, a trial to form a planarized insulating film 105 
on such a wafer that the edges of the wiring patterns 103a 
recede and the antiref lection coating 104 projects in an 
eave-form will invite a result that a sufficient embedding 
by the planarized insulating film 105 becomes impossible, 
as shown in Fig. 8, even if the plasma CVD using the gas of 
organic silane system compound with hydrogen oxide added or 
the normal pressure CVD using the gas of ozone and organic 
silane system compound is applied, especially in case the 
spacing between the wiring patterns 103a is narrow. 
[0009] On the other hand, to apply the bias ECR plasma CVD, 
even if there remains the antiref lection coating 104 in an 
eave-form on the wiring patterns 103a, will remove the film 
deposited on the eave of the antiref lection coating 104 by 
the spattering effect. Therefore, it is possible to 
sufficiently embed an inter-layer insulating film 115 
between the wiring patterns 103a, as shown in Fig. 9. On 
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the other hand, however, there is an apprehension that the 
above spattering effect will give damage to the wiring 
patterns 103a and the already formed semiconductor elements 
through the wiring patterns 103a. 

5 [0010] The present invention has been made in view of such 
circumstances of the conventional techniques, and an object 
of the invention is to provide a method of forming an 
insulating film that does not give damage to the wiring 
patterns and the semiconductor elements while maintaining 

10 an excellent embedding performance. 
[0011] 

[Means to Solve the Problems] The method of an insulating 
film according to the present invention is a proposal for 
accomplishing the above object. The method includes, in 

15 forming a planarized insulating film on the whole surface 
of a substrate having given wiring patterns formed, by 
applying a plasma CVD while applying a bias to the substrate 
at least until part of the way, forming in advance protection 
insulating-film patterns having patterns common to the 

20 given wiring patterns on the wiring patterns. 

[0012] Here, the formation of the wiring patterns is 
preferred to take the steps of: forming given protection 
insulating-film patterns on a wiring layer on the substrate, 
and then etching by using the protection insulating-film 

25 patterns as a mask. 



-9- 



[0013] It is preferable that the wiring patterns include 
a film made of an aluminum material, and the protection 
insulating-film patterns are made of at least any one of a 
silicon oxide based material (SiO x ) , silicon nitride based 
5 material (SiN x ) , and silicon nitride oxide based material 
(SiO x N y ) . 

[0014] In this invention, the formation of the planarized 
insulating film may be made only by the plasma CVD while 
applying a bias to the substrate; however, it may be made 

10 by the other film formation condition from part of the way. 
However,- in view of the necessity of forming the film that 
exceeds in the planarizing effect, it is preferred to apply 
the film formation method having the flow effect, such as 
the plasma CVD using the gas of organic silane system 

15 compound with hydrogen oxide added, or the normal pressure 
CVD using the gas of ozone (O3) and organic silane system 
compound . 
[0015] 

[Function] When this invention is applied, a bias is applied 
20 to the substrate in order to enhance the embedding 

performance of the planarized insulating film; however, the 
wiring patterns are protected by the protection 
insulating-film patterns, and there is not a possibility 
that the wiring patterns are etched accordingly. Neither 
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is there a possibility of damaging the already formed 
semiconductor elements through the wiring patterns. 
[0016] When the protection insulating-film patterns are 
used as the mask for etching the wiring layer, the etching 
5 of the wiring layer does not need a resist mask. 

Accordingly, there is not an apprehension that the residues 
resulting from the resist mask remain on the sidewalls and 
so forth of the wiring patterns. Therefore, there is not 
a possibility that the step coverage of the planarized 
10 insulating film deteriorates due to the residues, or the 
wiring patterns corrode due to chlorine system compounds or 
chlorine system gas absorbed by the residues. 
[0017] When the protection insulating-film patterns are 
used as the mask for etching the wiring layer, the protection 
15 insulating film on the wiring layer has to be patterned in 
advance. In applying the photolithography to this 
patterning, provided that the composition and the film 
thickness of the protection insulating film are optimized 
in accordance with the wavelength of the exposure light to 
20 be used and the complex refractive index of the wiring layer 
as the bedding, the antiref lection coating is not 
necessarily needed. The reason lies in that the 
photolithography can be applied without much influence by 
the reflected light from the wiring layer, since the optical 
25 constant and the film thickness of the protection insulating 
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film are optimized, and the condition that minimizes the 
amplitude ratio of the standing wave formed in the 
photo-resist coating film by the exposure light, that is, 
the antiref lection condition is satisfied. 
5 [0018] 

[Preferred Embodiments] Embodiments in which the method of 
forming an insulating film according to the invention is 
applied will be described in detail. 

[0019] The embodiments hereunder employed a bias ECR plasma 

10 CVD apparatus for forming a planarized insulating film, at 
least until part of the way. The bias ECR plasma CVD 
apparatus generates the so-called ECR discharge with the 
electric field of a microwave generated by the magnetron and 
the magnetic field generated by a solenoid coil, 

15 perpendicular to the electric field, so as to attain 

high-density plasma. On the other hand, an RF power supply 
is connected to a susceptor on which a wafer is mounted, so 
that a bias power can be applied to the wafer. 
Therefore, it is possible to form a film that exceeds in the 

20 step coverage while generating the ECR plasma having a high 
ion-current density under a low gas pressure, and it is also 
possible to exhibit the planarizing effect by the ion 
spattering effect while controlling the bias to the 
substrate independently from generating the plasma. 

25 [0020] Embodiment 1 
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This embodiment prepared a wafer in which given 
transistors were formed in advance on a semiconductor 
substrate, an inter-layer insulating film was formed to 
cover the transistors, and wiring patterns made of an 

5 aluminum material were formed on the inter-layer insulating 
film. And, the embodiment formed a planarized insulating 
film on the wafer. Here, the wiring patterns were formed 
by means of the etching that uses protection insulating-film 
patterns as a mask, and the planarized insulating film was 

10 formed by using the bias ECR plasma CVD apparatus. 

[0021] In concrete, as shown in Fig. 1, on the wafer in which 
an inter-layer insulating film 2 made of Si0 2 and so forth, 
and a wiring layer 3 made of an aluminum material were formed 
in this order on a semiconductor substrate 1 having 

15 transistor elements (not illustrated) formed, a protection 
insulating film 4 made of SiO x was formed with the film 
thickness of 200 nm under the following condition, and then 
a resist mask 6 having a given pattern was formed. 
[0022] 

20 [Condition of Forming the Protection Insulating Film 4] 

Introduced gas: SiH 4 flow rate 100 seem 

O2 flow rate 200 seem 

Pressure : 1300 Pa 

Substrate temperature: 400°C 
25 RF biasing power: 500 W (13.56 MHz) 



-13- 



Here, this film formation was performed by using the normal 
parallel-plate type plasma CVD apparatus. 
[0023] In the photolithography for patterning the resist 
mask 6, because the optical constant and the film thickness 

5 of the protection insulating film 4 were confirmed to 

satisfy the antiref lection condition, any influences by the 
light reflected from the wiring layer 3 were not found. 
[0024] And, using the resist mask 6 as the mask, the 
protection insulating film 4 was patterned under the 

10 following etching condition. 
[0025] 

[Etching Condition of the Protection Insulating Film 4] 
Etching gas: CHF 3 flow rate 200 seem 

O2 flow rate 100 seem 

15 RF biasing power: 400 W (13.56 MHz) 
Pressure: 0.26 Pa 

Here, this etching was performed by using the magnetron RIE 
(Reactive Ion Etching) apparatus. 

[0026] Thereby, protection insulating-film patterns 4a were 
20 attained, as shown in Fig. 2. Thereafter, the resist mask 
6 was removed by the etching; and then the wiring layer 3 
was patterned under the following etching condition, using 
the protection insulating-film patterns 4a as the mask. 
[0027] 

25 [Etching Condition of the Wiring Layer 3] 
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Etching gas: BCI3 



flow rate 100 seem 



Cl 2 



flow rate 10 seem 



Microwave power: 300 W (2.45 GHz) 
RF biasing power: 200 W (13.56 MHz) 
5 Pressure: 0.40 Pa 

Here, this etching was performed by using the ECR plasma 
etching apparatus . 

[0028] Thereby, laminated patterns 5 were formed, as shown 
in Fig. 3, in which the protection insulating-film patterns 
10 4a were laminated on the wiring 'patterns 3a. 

[0029] Thereafter, as shown in Fig. 4, so as to cover the 
whole wafer with the laminated patterns 5 formed, the 
planarized insulating film 7 of SiO x was formed with the film 

thickness of 1.0 |um under the following film formation 
15 condition. 
[0030] 

[Condition of Forming the planarized insulating Film 7] 
Introduced gas: SiH 4 flow rate 70 seem 



20 Pressure: 0.1 Pa 

Microwave power: 2000 W (2.45 GHz) 
RF biasing power: 2000 W (13.56 MHz) 

Here, this film formation was performed by using the bias 
ECR plasma CVD apparatus. 



N 2 0 



flow rate 70 seem 
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[0031] Thereafter, the annealing treatment was performed 

under the following condition. 

[0032] 

[Annealing Condition] 
5 Introduced gas: dilute gas by N2 gas containing H2 at 3% 

flow rate 8000 seem 

Annealing time: 60 minutes 

Pressure: atmospheric pressure 

Annealing temperature: 400°C 
10 Here, the introduced gas was the one in which the source gas 

used for forming the planarized insulating film 7 was 

diluted. 

[0033] When the planarized insulating film 7 was formed 
under the above condition, the spattering effect with the 

15 bias application to the substrate, displaying an extremely 
excellent embedding performance, flattened the Wafer 
without creating the Voids' . Here, owing to the spattering 
effect, the edges of the protection insulating-film 
patterns 4a were etched, but the wiring patterns 3a being 

20 protected by the protection insulating-film patterns 4a 
were not etched. Neither were damaged the semiconductor 
elements through the wiring patterns 3a. 
[0034] Here, the corrosion test was carried out. The 
condition of the corrosion test is as follows. 

25 [0035] 
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[Condition of the Corrosion Test] 
Concentration of hydrochloric acid: 5% 
Testing time: 5 minutes 
Temperature of solution: 25°C 

5 The result of this corrosion test confirmed that corrosions 
were not found on the wiring patterns 3a, and the planarized 
insulating film 7 thus formed showed a satisfactory water 
resistance and corrosion resistance. After this corrosion 
test, the test sample was put on the shelf in the free air 

10 for many hours; the result did not find any corrosion on the 
wiring patterns 3a. 

[0036] The transistor characteristics were also checked; 

but any discrepancies were not found at all, which confirmed 

that the film formation processing of the planarized 
15 insulating film 7 did not give any influences to the 

transistor elements. 

[0037] Embodiment 2 

This embodiment applied the bias ECR plasma CVD to the 

wafer in which the laminated patterns 5 were formed, 
20 thereafter applied the normal CVD using O3 and TEOS, thereby 

formed a double-layer structured planarized insulating 

film. 

[0038] In concrete, as shown in Fig. 3, the laminated 
patterns 5 were formed in the same manner as the embodiment 
25 1, in which the protection insulating patterns 4a are 
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laminated on the wiring patterns 3a. Thereafter, a first 
planarized insulating film 8 and a second planarized 
insulating film 9 were formed in succession to cover the 
whole wafer. The film formation condition is as follows. 
5 [0039] 

[Condition of Forming the first planarized insulating Film 
8] 

Introduced gas: SiH 4 flow rate 70 seem 

N2O flow rate 70 seem 

10 Pressure: 0.1 Pa 

Microwave power: 2000 W (2.45 GHz) 
RF biasing power: 2000 W (13.56 MHz ) 

Here, this film formation was performed by using the bias 
ECR plasma CVD apparatus . 
15 [0040] 

[Condition of Forming the second planarized insulating Film 
9] 

Introduced gas: TEOS flow rate 1000 seem 

O3 flow rate 7000 seem 
20 Pressure: normal pressure 

Substrate temperature: 400°C 

Here, this film formation was performed by using the normal 
pressure CVD. apparatus . 

[0041] Thereby, the laminated patterns 5 were coated with 
25 the first planarized insulating film 8 of 300 nm thick and 
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the second planarized insulating film 9 of 500 nm thick, as 
shown in Fig. 5. Thereafter, the annealing treatment was 
carried out in the same manner as the embodiment 1. 
[0042] When the planarized insulating films were formed 

5 under the above condition, the wafer was flattened without 
creating the Voids' . In forming the first planarized 
insulating film 8, the edges of the protection 
insulating-film patterns 4a were etched owing to the 
spattering effect by the bias application to the substrate. 

10 However, the wiring patterns 3a were protected by the 
protection insulating-film patterns 4a, and the 
semiconductor elements were protected from being damaged. 
Further, since the first planarized insulating film 8 was 
formed with extremely excellent step coverage and embedding 

15 performance, the spacings between the wiring patterns 3a 
were sufficiently embedded when the second planarized 
insulating film 9 was formed. Here, the edges of the 
protection insulating-film patterns 4a were etched when the 
first planarized insulating film 8 was formed, and the upper 

20 parts of the laminated patterns 5 were formed tapered, which 
served the flow effect in forming the second planarized 
insulating film 9 to facilitate the embedding still more. 
[0043] Here, the corrosion test was carried out in the same 
manner as the embodiment 1. The test result confirmed that 

25 corrosions were not found on the wiring patterns 3a, and the 
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planarized insulating films 8, 9 thus formed showed a 
satisfactory water resistance and corrosion resistance. 
After this corrosion test, the test sample was put on the 
shelf in the free air for many hours; the result did not find 

5 any corrosion on the wiring patterns 3a. The transistor 
characteristics were also checked; but any discrepancies 
were not found at all, which confirmed that the film 
formation processing of the planarized insulating films 8., 
9 according to this embodiment did not give any influences 

10 to the transistor elements. 

[0044] The method of forming the insulating film according 
to the present invention being thus described with the above 
embodiments, it should be well understood that the present 
invention is not confined to the embodiments. For example, 

15 in order to form the SiO x film as the protection insulating 
film 4, the above embodiments used silane system compound 
and the parallel-plate type plasma CVD apparatus. However, 
the source gas may be organic silicon system compound, and 
the CVD apparatus may be replaced by any of the 

20 conventionally known. However, it is preferred to form the 
film at a low temperature while generating the plasma in the 
reaction chamber, since it is necessary not to give any 
damage to the already formed wiring layer 3 in forming the 
film. Further, as the protection insulating film 4, SiN x 

25 film and SiO x N y film may be formed. 
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[0045] The above embodiments did not use the antiref lection 
coating in the patterning of the protection insulating film 
4; however, the photolithography may be applied after 
providing a conventionally known antiref lection coating 

5 such as TiN film. 

[0046] Further, the film formation condition of the 
planarized insulating film 7 or the first planarized 
insulating film 8 is not restricted to the abovementioned 
one. As long as it is capable of performing the plasma CVD 

10 while applying a bias to the substrate, either of the 

inductively coupled plasma CVD (ICP-CVD) apparatus and the 
helicon wave plasma CVD apparatus may be applied in addition 
to the ECR plasma CVD apparatus. Naturally, there are not 
any limits to the type of the source gas. 

15 [0047] Further, the embodiment 2 formed the first planarized 
insulating film 8 until part of the way, and thereafter 
applied the normal pressure CVD using O3 and TEOS to form 
the second planarized insulating film 9. Here, the film 
formation condition of the second insulating film 9 is not 

20 restricted to the abovementioned. Naturally, in 

replacement for TEOS, the other alkoxy silanes may be used, 
and the chain polysiloxanes or the cyclic polysiloxanes may 
be used. 

[0048] Further, since the second planarized insulating film 
25 9 only needs to be a film that exceeds in the flow effect, 



the second planarized insulating film 9 may be formed by 

applying the plasma CVD using the gas of organic silane 

system compound with hydrogen oxide added. 

[004 9] Besides, the present invention does not have any 

restrictions in regard to the construction of the wafer that 

underlies the wiring layer 3. 

[0050] 

[Effect of the Invention] As it is clear from the above 
descriptions, the method of the invention will form the 
planarized insulating film capable of sufficiently 
planarized the fine and multi-layered wiring patterns, 
without damaging the wiring patterns and other 
semiconductor elements thereunder.. Accordingly, the method 
will enhance the processing accuracy and reliability of the 
wring patterns formed thereon. 

[0051] Therefore, it is also possible to enhance the 
reliability and the yield of the semiconductor device having 
the planarized insulating film formed according to this 
invention. 

[Brief Description of the Drawings] 

Fig. 1 is a typical sectional view illustrating a 
state that a protection insulating film and a resist mask 
are formed on a wafer in which an inter-layer insulating film 
and a wiring layer are formed on a substrate; 
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Fig. 2 is a typical sectional view illustrating a 
state that the patterning of the protection insulating film 
in the wafer in Fig. 1 is carried out, and protection 
insulating-film patterns are formed; 

5 Fig. 3 is a typical sectional view illustrating a 

state that the etching of the wiring layer in the wafer in 
Fig. 2 is carried out, and laminated patterns composed of 
the wiring patterns and the protection insulating-film 
patterns are formed; 

10 Fig. 4 is a typical sectional view illustrating a 

state that the CVD is applied to the wafer in Fig. 3 while 
the bias is applied to the substrate, and the planarized 
insulating film is formed; 

Fig. 5 is a typical sectional view illustrating a 

15 state that the CVD is applied to the wafer in Fig. 3 while 
the bias is applied to the substrate, thereafter the normal 
pressure CVD using 0 3 and TEOS is applied, and a first 
planarized insulating film and a second planarized 
insulating film are formed; 

20 Fig. 6 is a typical sectional view illustrating a 

state that a resist mask is formed on a wafer in which the 
inter-layer insulating film, wiring film, and 
antiref lection film are formed on the substrate; 

Fig. 7 is a typical sectional view illustrating a 

25 state that the etching is applied with the resist mask in 
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the wafer in Fig. 6 served as the mask, and the wiring 

patterns are formed; 

Fig. 8 is a typical sectional view illustrating a 

state that the resist mask in the wafer in Fig. 7 is removed, 
5 thereafter the normal pressure CVD using O3 and TEOS is 

applied, and the planarized insulating film is formed; and 
Fig. 9 is a typical sectional view illustrating a 

state that the resist mask in the wafer in Fig. 7 is removed, 

thereafter the CVD is applied while the bias is applied to 
10 the substrate, and the planarized insulating film is formed. 

[Description of Reference Numerals] 

1 ... semiconductor substrate 

2 ... inter-layer insulating film 

3 ... wiring layer 

15 4 ... protection insulating film 

5 ... laminated pattern 

6 ... resist mask 

7 ... planarized insulating film 

20 Fig. 1: wafer before etching 

Fig. 2: completion of etching to the protection insulating 
film 

Fig. 3: completion of etching to the wiring layer 

Fig. 4: completion of forming the planarized insulating film 
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Fig. 5: completion of forming the double-layer structured 
planarized insulating film 

Fig. 6: wafer before etching according to the conventional 
method 

5 Fig. 7: completion of etching to the wiring layer 

Fig. 8: completion of forming the planarized insulating film 
Fig. 9: completion of forming the planarized insulating film 



